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Sir: 

On October 23, 2007, the undersigned conducted a telephone interview with 
Examiner Nathan Ha. The following provides a summary of the substance of that 
interview. 

The interview focused mainly on the various points of distinction between the 
claims and the prior art as presented in the response filed by the Apphcants on 
November 20, 2006. In particular, the undersigned reiterated (1) the lack of any 
motivation to combine Chau with Hshieh '128 (the alleged motivation - "in order to 

facilitate hot electron injection" - being entirely unrelated to Chau's abrupt junction as 
well as any structvire in Hshieh '128), and (2) that, even if combined, the combination 
would not result in the claimed structure, at least because Chau's abrupt junction is 
between the source and the body of a transistor which are regions having dopants of 
opposite conductivity type. Other grounds distinguishing the prior art firom the claims a 
explained in the response filed on November 20, 2006 were also discussed briefly. 
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To fiirther clarify some of the points of distinction, the undersigned submitted a 
proposed amendment by facsimile on June 14, 2007, as well as on October 18, 2007. The 
proposed amendment is submitted herewith as "Attachment #1." This proposed 
amendment, which was also discussed during the interview of October 23, 2007, adds 
language to independent claim 46 that expressly defines the abrupt junction as being 
formed "between the heavy body region having dopants of the second conductivity type 
and the dope well having dopants of the second conductivity type." 

In response to the explanation by the undersigned that similar arguments 
regarding the term "abrupt junction" were successfully addressed during prosecution of 
the parent application, the Examiner requested a copy of the relevant papers from the 
parent prosecution history. Applicants submit herewith as "Attachment #2" a copy of a 
response dated June 7, 2001 (herein "6/7/01 Response") filed in parent application 
number 08/970,221, now U.S. patent number 6,429,481 . The Examiner also indicated an 
interest in reviewing a declaration supporting commercial success as another objective 
measure of patentability, which was submitted with the 6/7/01 Response and is included 
in Attachment #2. 

AppUcants note that a different set of claims having different scope were the 
subject of the 6/7/01 Response and that a copy of the 6/7/01 Response is provided here 
solely for the purpose of further clarifying the distinction between an abrupt jimction and 
a linearly graded junction, which is discussed in some detail in the 6/7/01 Response at 
pages 5-7. As was the case in the parent appUcation 08/970,221, references to textbook 
analysis of different types of junctions are provided to assist the Examiner in better 
understanding the background of the technology and in particular the contrasts between 
the more common linearly graded jimction and an abrupt junction. Therefore, the 
detailed analysis referenced from the textbook by Sze is not intended to be limiting of the 
scope of the claim language. As described in the instant application, an abrupt jimction 
can be formed in different ways, and indeed the abrupt junction described by Sze is 
between regions having opposite polarity dopants, while the claimed abrupt junction is 



MO et al. 



PATENT 



Application No.: 10/630,249 
Page 3 

formed between regions having the same polarity dopants. Accordingly, the sole purpose 
of submitting a copy of the 6/7/01 Response is to again highlight the fact that one of skill 
in this art understands that an abrupt junction has distinct structural and functional 
properties that differentiate it from the more common linearly graded junction. 

Applicants thank the Examiner for the opportunity to discuss the application and 
invite the Examiner to call the undersigned if the Examiner believes a telephone 
conference would expedite prosecution of this application. 
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June 14, 2007 

46. (currently amended) A field effect transistor comprising: 

a semiconductor substrate having dopants of a first conductivity type; 

a trench extending a predetermined depth into the semiconductor substrate; 

a doped well having dopants of a second conductivity type opposite to the first 
conductivity type and extending into the semiconductor substrate to form a well junction at a 
first depth; 

a doped source region having dopants of the first conductivity type and extending 
into the semiconductor substrate to form a source junction at a second depth; and 

a doped heavy body region having dopants of the second conductivity type and 
extending into the doped well to form a heavy body junction at a depth that is deeper than the 
source junction and shallower than the trench, 

wherein the heavy body region forms an abrupt junction in the doped well , the abrupt junction 
being defined by the junction between the heavy body region having dopants of the second 
conductivity type and the doped well having dopants of the second conductivity type . 
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Re: Application Number 10/630,249 

Dear Examiner Ha, 

The Applicant in the referenced application will be filing an RCE shortly, 
opportunity to briefly discuss the attached amendment to the first Indepc 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re application of: 


£x3ituncrc Jdclcson Jr.^ J. 


Sze-Ki Mo, et al. 


Art Unit: 2815 


Application No.: 08/970,221 


AMENDMENT 


Filed: November 17, 1997 




For: FIELD EFFECT TRANSISTOR 
AND METHOD OF ITS 
MANUFACTURE 





Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir: 



In response to the Office Action mailed December 5, 2000, please amend the 
above-captioned patent application as set forth below. 

IN THE CLAIMS: 

Please cancel claims 13, 18-22 and 54 without prejudice to renewal and 
amend claims 1, 8, 47, 50, 53 and 55 as set forth below. A marked-up version of the 
amended claims is included at the end of the remarks section. 

1. (Thrice Amended) A trenched field effect transistor comprising: 

a semiconductor substrate having dopants of a first conductivity type; 

a trench extending a predetermined depth into said semiconductor substrate; 

a pair of doped source junctions having dopants of the first conductivity type, 
and positioned on opposite sides of the trench; 

a doped well having dopants of a second conductivity type opposite to said 
first conductivity type, and formed into the substrate to a depth that is less than said 
predetermined depth of the trench; and 
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a doped heavy body having dopants of the second conductivity type, and 
positioned adjacent each source junction on the opposite side of the source junction from the 
trench, said heavy body extending into said doped well to a depth that is less than said depth 
of said doped well, 

wherein the heavy body fonns an abrupt junction with the well and the depth 
of the junction, relative to the depth of the well, is adjusted so that a transistor breakdown 
initiation point is spaced away fiom the trench in the semicoiiductor, when voltage is applied 
to the transistor. 

8. (Thrice Amended) An array of transistor cells comprising: 

a semiconductor substrate having a first conductivity type; 

a plurahty of gate-forming trenches arranged substantially parallel to each 
other, each trench extending a predetermined depth into said substrate and the space between 
adjacent trenches defining a contact area; 

a pair of doped source junctions, positioned on opposite sides of the trench 
and extending along the length of the trench, the source junctions having the first 
conductivity type; 

a doped well having a second conductivity type with a charge opposite that of 
the first conductivity type, the doped well formed in the semiconductor substrate between 
each pair of gate-forming trenches; 

a doped heavy body having the second conductivity type formed inside the 
doped well and positioned adjacent each source junction, the deepest portion of said heavy 
body extending less deeply into said semiconductor substrate than said predetermined depth 
of said trenches; and 

alternating heavy body and source contact regions defined at the surface of the 
semiconductor substrate along the length of the contact area, 

wherein the heavy body forms an abrupt junction with the well, and a depth of 
the heavy body relative to a depth of the well is adjusted so fliat breakdown of the transistor 
originates in the semiconductor in a region spaced away firom the trenches when voltage is 
applied to the transistor. 
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47. (Twice Amended) A trenched field ejffect transistor formed on a substrate, 

comprising: 

a plurality of trenches formed in parallel along a longitudinal axis, the 
plurality of trenches extending into the substrate to a first depth; 

a doped well extending into the substrate between each pair of trenches; 

a pair of doped source regions formed on opposite sides of each trench; and 

a doped heavy body formed inside the doped well adjacent each source 
region, the doped heavy body extending into the doped well to a second depth that is less 
than the first depth, 

wherein the doped heavy body: 

forms a continuous doped region along substantially the entire longitudinal 
axis of a trench, and 

forms an abrupt junction with the well, and a depth of the heavy body jimction 
relative to a maximum depth of the well, is adjusted so that a peak electric field in the 
substrate is spaced away from the trench when voltage is applied to the transistor. 

50. (Twice Amended) The trenched field effect transistor of claim 1 further 
comprising an epitaxial layer having dopants of the first conductivity type, and formed 
between the substrate and the doped well, with no buried layer formed at an interface 

between the epitaxial layer and the substrate. 

53. (Once Amended) The trenched field effect transistor of claim 8, further 

comprising: 

an epitaxial layer having the first conductivity type formed between the substrate 
and the well, with no buried layer formed at an interface between the epitaxial layer and the 
substrate. 
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55. (Once Amended) The trenched field effect transistor of claim 47, further 

comprising: 

an epitaxial layer having the first conductivity type formed between the substrate 

and the well, 

wherein the second depth relative to a depth of the well is adjusted to eliminate the 
need for any layers disposed between the epitaxial layer and the substrate. 



REMARKS 

Upon entry of this amendment, which cancels claim 13^ 18-22 and 54 wifliout 
prejudice to renewal and amends claims 1, 8, 47, 50, 53 and 55, claims 1, 2, 5-12, 14-17, 46-53 
and 55 remain pending. Previously examined claims 50, and 53-55 were rejected under 35 
U.S.C. 1 12, second paragraph, for being indefinite, claims 1, 2, 6, 8-1 1, 46-53, 55 were 
rejected under 35 U.S.C. 103(a) as being anticipated by or in the alternative obvious over 
USPN 5,629,543 to Hshieh et al. (hereinafter Hshieh '543); claim 7 was rejected as being 
unpatentable over Hsheih '543 in view of USPN 5,688,725 to Darwish et al. (Darwish '725); 
and claims 1, 2, 5-12, 14-22, 46-55 were rejected as being unpatentable over Hshieh '543 with 
Darwish '725, applicant's prior art admissions, Nakamura '491, Bencuya '324 and Harada 
'050. Reconsideration of the claims in view of the above amendments and the comments 
below is respectfully requested. 

The Rejections 
-Section 112, 2"'' t 

Claims 50 and 53-55 stand rejected under 35 U.S.C. § 1 12, second paragraph, as 
being indefinite. The rejection states that "the recitation 'wherein the relative depths ... are 
controlled to eliminate the need for any layers . . .' are vague and indefinite of exact structure." 
The rejection asks "what is the exact stracture determined by 'controlled...'?" 
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These claims were added for the specific purpose of further distinguishing over 
the cited reference Hshieh '543. Hshieh '543 teaches forming an N+ buried layer (16) between 
the epitaxial N- layer (or drift region 4B) and the substrate 10 to ensure "that avalanche 
breakdown occurs at the buried layer/body region . . .." [Hshieh '543, col. 2, lines 6-10]. 
Applicants were the first to find that a trench transistor structure can be formed with a shallow 
heavy body structured in a way that the need for such buried layers is eliminated with very 
Uttle, if any, compromise in flie transistor cell density. Applicants respectfully submit that, for 
the reasons discussed below, there shotild be no ambiguity associated with the claimed 
structure which specifies the relative depths of the heavy body and the well regions in the 
trench transistor (see below). Applicants have nevertheless amended claims 50, 53 and 55 to 
remove the language the rejection finds vague. Withdrawal of this rejection is therefore 
respectfiiUy requested. 

- Section 102(e) or 103(a): Hshieh '543 

The Office Action maintains the previous rejection of claims 1, 2, 6, 8-1 1, 46- 
53, and 55 under 35 U.S.C. §102(e) as anticipated by or, in the alternative, under 35 U.S.C. 
§ 103(a) as obvious over Hshieh '543. The rejection states: 

"Applicant's argument that Hshieh does not disclose an 'abrupt' 
junction is unpersuasive. Thejunction in Hshieh is abrupt. There are no 
particularly claimed dopant concentrations which would structurally 
distinguish applicant's 'abrupt' junctions over the 'abrupt' junctions of 
the applied art. Accordingly 'abrupt* is merely a label which does not 
struchirally distinguish applicant's claims over the applied art." 

Applicants respectfully submit that this rejection not only mischaracterizes the 
technical import of the claim language, it misconstrues well-established law regarding 
adequacy of claims. The terminology "abrupt junction*' is well-known to those skilled in the 
art as having a very well-defined meaning with specific structural significance. "Physics of 
Semiconductor Devices," by S.M.Sze is considered a seminal book on the subject and is 
widely used throughout the academic community as well as the industry. Sze devotes an entire 
section (section 2.3.1) on the "Abrupt Junction," and states the following at page 72: "In 
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practice, most impurity profiles can be approximated by the following two limiting cases: the 
abrupt junction and the linearly graded junction .. .." Sze also explains the "profound effects" 
of these differently formed junctions on the "avalanche multiplication process." [Sze, bottom 
of page 73]. After a detailed analysis of the characteristics of the "abrupt" junction versus the 
"linearly graded" junction, at page 104, Sze presents the following: 

"An approximate universal expression can be given as follows 
for the results above comprising all semiconductors studied: : 

V,=60(EJlAy"(NJlO'')-"' V (79a) 
for abrupt jxmctions where Eg is the room-temperature bandgap in eV, 
and Nb is the background doping in cm-3; and 

V^=60(EJLiy'\a/3xlO'"y^" V (79b) 
for linearly graded junctions where a is the impurity gradient in cm-4. 

For diffused junctions with a linear gradient on one side of the 
junction and a constant doping on the other side (shown in Fig. 31 , 
insert), the breakdown voltage lies between the two limiting cases 
considered previously 39 (Figs. 26 and 28). For large a and low Nb, the 
breakdown voltage of diffused junctions (Fig. 3 1) is given by the abrupt 
junction results (bottom line); on the other hand, for small a and high 
Nb, Vb will be given by the linearly graded junction results (parallel 
lines)." 
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Accordingly, referring to Fig. 31 of Sze (reproduced above for convenient 
reference), for a given background doping Nb, the breakdown voltage Vb is lowered (parallel 
lines) as the impurity gradient a increases until it comes to a limit at the point (on the bottom 
line) where the impurity gradient a reaches an abrupt junction, after which Ve remains 
constant. Thus, contrary to the rejection's characterization, "abrupt" is clearly neither "merely 
a label" nor is it devoid of any structural significance. 

Furthermore, the rejection's assertion that "there are no particularly claimed 
dopant concentrations which would structurally distinguish applicant's 'abrupt' jimctions over 
the 'abrupt' junctions of the prior art" is flawed in two respects. First, no where in Hshieh '543 
could there be found any mention of any junction being "abrupt." Secondly, it is well- 
established that mathematical precision should not be imposed on claim language for its own 
sake, and that an applicant has the right to claim the invention in terms that would be 
understood by persons of skill in the field of invention. Modine Mfg. Co. v. United States ITC, 
75 F.3d 1545, 37 USPQ2d 1609 (Fed. Cir. 1996). This is particularly relevant in the present 
case where not only the structural significance of the terminology "abrupt junction" is well 
understood by those skilled in this art, the number of different variables involved in a structure 
that is an "abrupt junction" (e.g., background doping, gradient, target breakdown voltage, etc.) 
renders it meaningless to provide, for example, specific doping concentrations without 
specifying numbers for other variables. Furthermore, any numbers would also be rendered 
meaningless given the well-known and ever aggressive miniaturization process over time in the 
field of semiconductors. Dimensions such as junction depths employed in semiconductor 
devices at any given time often become obsolete within a two to three year period. In fact, 
products that are now being manufactured based on the teachings of the instant invention no 
longer employ the exemplary numbers provided in the instant specification (filed in November 
of 1997). Thus, requiring specific doping concentrations or other mathematical limitations 
where none should be required would uimecessarily and unfairly limit the scope of the claim 
applicants are otherwise entitled to. 
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Independent claims 1, 8 and 47 all specify the junction formed between the 
"heavy body" and the "well" as being "abrupt" and, for the above reasons, therefore 
distinguish over the cited art. These claims, however, include additional elements that further 
distinguish over the cited references. Claim 1, for example, also recites "the depth of the 
[heavy body] junction relative to the depth of the well, is adjusted so that a transistor 
breakdown initiation point is spaced away from the trench . . .." Again, no combination of the 
cited prior art teaches or suggests the claimed structure. In maintaining its rejection of the 
claim, however, the Office Action states: " Arguments regarding 'controlled' are unconvincing 
of patentability because the claimed structure does not ftmctionally or structurally distinguish 
over the applied art." It is difficult to follow the reasoning behind this rejection since the 
relevant claim language, on its face, does clearly distinguish in both those respects. 
Structurally, the relevant claim language defines a specific depth for the "heavy body," and 
functionally, it specifies the movmg away or spacing away of the "transistor breakdown 
initiation point . . . firom the trench." Contrary to the rejection's assertion, this combination 
clearly distinguishes over the cited references. With respect to the depth of the P+ region 24 in 
Hshieh '543, a reading of Hshieh '543 makes it clear that the inventors had no clue whatsoever 
about the possibility of having a P+ region (24) that is shallower than the well (18) and yet is 
capable of addressing the breakdown problem by its structure (i.e., depth and abruptness of its 
junction). This is so because Hshieh '543 clearly shows a P+ region 24 that is as deep or 
deeper than the well 18 in every figure, and in the only instance where they make a cursory 
mention of shallower "P+ body contact regions 24", they immediately add ". .-. in which case 
the breakdown current conduction pafli is from body region 1 8 to buried layer 1 6." [Hshieh 
'543, col. 3, lines 1-6]. Hshieh '543 therefore teaches nothing more than what was akeady 
known in the art; that if the P+ body region 24 is made shallower than the well, the device 
would then need some other additional structure to control the point of breakdown initiation 
(see fiirther discussion below). This additional structure, as taught by Hshieh '543, is an N+ 
buried layer 16. Hshieh '543 therefore clearly fails to teach or suggest a heavy body that is 
shallower than the well, and has its depth "relative to the depth of the well, [] adjusted so that a 
transistor breakdown initiation point is spaced away from the trench . . .." 
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Although not clear, in light of the §1 12, 2"** Tl rejection above, it is assumed that 
the Examiner may have had difficulty with the use of the word "controlled." While it is not 
deemed necessary, to the extent that the Examiner may consider "adjusted" more appropriate 
in defining a structure, Applicants have amended independent claims 1, 8 and 47 to replace the 
word "controlled" with "adjusted." Applicants are entitled to claim this structural aspect of the 
present invention (i.e., relative depths of the heavy body and the well), that is also fiirther 
defined fimctionally (impacting breakdovm initiation point), without having to limit the claim 
to specific ntmierical dimensions. Applicants welcome Examiner's suggestions for any 
substitute words for "controlled" or "adjusted." 

Hshieh '543 thus clearly neither teaches a trench field effect transistor with a 
"heavy body" that forms an "abrupt junction" Avith the well, nor one that has a "heavy body" 
with a depth relative to the depth of the well that causes "a transistor breakdown initiation 
point [to move] away firom the trench." Nor does Hshieh '543 even remotely suggest the 
claimed combination. In fact, by teaching that a buried layer (16) is required to address the 
breakdown problem, Hshieh '543 teaches away from a structure that can accomplish similar 
fimctionality with a clever expedient as that of the claimed "heavy body." To be sure, the 
notion that a prior art diagram may "look similar" to a diagram that depicts an aspect of the 
invention, cannot be the basis for a 102 or 103 rejection. Often times diagrams are not to scale 
and significant novel and non-obvious structural features such as depth or abruptness of a 
junction in semiconductor technology may not be easily depicted. Again, both the diagrams 
and the body of Hshieh '543 not only fail to teach but also fail to suggest the claimed 
invention. 

Independent claims 1, 8 and 47 are thus patentably distinguished over Hshieh 
'543. Claims 2, 5-7, 9-12, 14-17, 46, 48-53 and 55 depend fi-om one the claims 1, 8 and 47 and 

therefore derive patentability therefi-om. These claims, however, recite additional novel and 
non-obvious features that fiuther distinguish over Hshieh '543. Claims 48 and 49, for 
example, describe an alternating source and heavy body contact arrangement along the 
longitudinal axis of a trench. No such structure is taught or suggested by Hshieh '543. Claims 
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50, 53 and 54, for example, specifically recite a heavy body which has its depth relative to the 
depth of the well "adjusted to eliminate the need for any layers disposed between the epitaxial 
layer and the substrate." Hshieh '543 teaches the opposite: forming a "buried layer" (16) 
between the epitaxial layer (or drift region) and the substrate. Clarnis 1-2, 5-12, 14-17, 46-53 
and 55 are therefore patentably distinguished over Hshieh '543. Accordingly, withdrawal of 
this rqection is respectfully requested. 

- Section 103(a): Hshieh '543. Darwish '725. Nakamura '491. Bencuva '3 24. and Harada '050 
Claims 1, 2, 5-12, 14-22, 46-55 have been rejected under 35 U.S.C. §103(a) as 
being unpatentable over Hshieh '543 with Darwish '725, applicant's prior art admissions, 
Nakamura '491, Bencuya '324, and Harada '050. The rejection does not provide an 
explanation of any new grounds of rejection other than to state: "Harada additionally teaches a 
termination structure including a deep well connected to body regions. It would have been 
obvious to have practiced the same with Hshieh to have improved breakdown voltage. The 
previous rejection with the above comments applies." 

With respect to claims 1, 8 and 47, and all claims depending therefrom, as 
discussed above, Hshieh '543 clearly fails to teach or suggest the invention as claimed. None 
of the other cited references, or any combination thereof, including any admitted prior art, adds 
anything that would support a finding of unpatentability. If anything, a close look at every one 
of these references, as well as many of the other relevant prior art of record, provides 
overwhelming evidence of non-obviousness of the claimed invention. This is so because these 
prior art references, one after another, demonstrate the fact that many of the most skilled 
artisans in the field recognized and struggled with the exact same set of challenges (e.g., 
increased trench MOSFET cell density, improved breakdown voltage, lowered transistor on- 
resistance, etc.), yet none were able to conceive of the solution claimed by the present 
invention. Instead, in each instance, the prior art proposes a solution that is fundamentally 
different both structurally and functionally, as well as being technically inferior as 
demonstrated by the commercial success of the products manufactured based on the present 
invention. To stress this point. Applicants present below a brief analysis of a number of the 
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cited prior art references. A declaration evidencing the commercial success as another 
objective measure of non-obviousness is separately submitted. 



- Hshieh '543 

An analysis of this reference has aheady been presented, however, since it 
forms the main basis for rejection of the claims, it is rqjeated here in a more concise fashion. 



Recognition of the Problem : 

"However it is also known that when cell density is high as in the 
typical trenched transistor structure, a new undesirable JFET 
phenomenon gradually appears between the P+ deep body regions 5. 
The P+ deep body regions 5 typically extend from a principal surface of 
the semiconductor material into the P body region 7 to provide a 
contact to the P body region 7. These deep body regions 5 ensure that 
avalanche breakdown occurs in these regions rather than at the bottom 
of the trenches. This undesirable JFET phenomenon is because such 
deep body regions 5 are relatively close to each other. (Also shown in 
FIG. 1 are conventional drain electrode 8B and source-body electrode 
8A.) Thus while avalanche breakdown occurs rather than destructive 
breakdown at the trench bottom, i.e. breakdown damaging the 
insulating oxide at the trench bottom, undesirably this new JFET 
resistance makes a bigger contribution to drain-source on resistance 
when cell density is higher." [Col. 1, lines 29-49, emphasis added]. 



Proposed Solution (Fies. 2 & 3F) : 

"Further, in accordance with the invention a doped buried layer [1 6]is 
formed in the upper portion of the drain region [10] and in contact with 
the drift region [14]. This buried layer has the same doping type as that 
of the drain region and a doping concentration higher than that of the 
drift region, and is typically located to directly underlie the body contact 
(deep body) region formed between each pair of adjacent source regions. 
The buried layer is heavily doped to form N+ doped fingers extending 
into the drift region. This buried layer [16] is typically formed prior to 
the epitaxial growth of the drift region, and by having an optimized 
doping profile ensures that avalanche breakdown occurs at the buried 
laver/bodv region or buried layer/body contact region. Hence the 
distance between the lower part of the body contact or body region and 
the upper part of the buried layer determines breakdown." [Col. 1, line 
65 to col. 2, line 13, reference numerals and underlining added]. 
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- Darwish *725 

Recognition of the Problem : 

"The deep central P+ region 1 14 in MOSFET 300, while greatly 
reducing the adverse consequences of breakdown, also has some 
unfavorable effects. First, an upward limit on cell density is created, 
because with increasing cell density P ions may be introduced into the 
channel region. As described above, this tends to increase the threshold 
voltage of the MOSFET. Second, the presence of a deep P+ region 114 
tends to pinch the electron current as it leaves the chaimel and enters the 
drift region 1 1 1 . In an embodiment which does not include a deep P+ 
region (as shown in, for example, FIG. 2A), the electron current spreads 
out when it reaches the drift region 111. This current spreading reduces 
the average current per unit area in the drift region 111 and therefore 
reduces the on-resistance of the MOSFET. The presence of a deep 
central P+ region limits this current spreading and increases the on- 
resistance consistent with high cell densities. What is needed, therefore, 
is a MOSFET which combines the breakdown advantages of a deep 
central P+ region with a low on-resistance." [Col. 3, lines 28-48, 
emphasis added]. 

Proposed Solution (Figs 4 & 5): 

"When the MOSFET is turned on, an electron current flows vertically 
through a channel within the body region adjacent the trench. To 
promote current spreading at the lower (drain) end of the channel region 
when the MOSFET is turned on, a "delta layer" [4021 is provided within 
the drift region. The delta layer is a layer wherein the concentration of 
dopant of first conductivity type is greater than the concentration of 
dopant of first conductivity type in the drift region generally. In many 
embodiments the delta layer abuts the body region, althou^ in some 
embodiments the delta layer is separated from the body region. The 
upper boundary of the delta layer is at a level which is above the bottom 
of the trench in which the gate is formed. In some embodiments, the 
upper boundary of the delta layer coincides with a lower jxmction of the 
body region. The lower boundary of the delta layer may be at a level 
either above or below the bottom of the trench." [Col. 3, lines 64 to col. 
4, line 13, reference numeral and underlining added]. 



- Hshieh '128 (Office Action mailed 8/4/99) 
Recognition of the Problem: 

"In typical DMOS transistors using a ft-enched gate electrode, in order to 
avoid destructive breakdown occurring at the bottom of the trench into 
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the underlying drain region, such transistors are fabricated so that a P+ 
deep body region extends deeper than does the bottom of the trench into 
the substrate (drain region). Thus rather than destructive breakdown 
occurring at the trench bottom, instead avalanche breakdown occurs 
from the lowest portion of this P+ deep body region into the underlying 
drain region. However due to device physics limitations, the cell density 
of such transistors is thereby restricted by lateral diflEusion of this P+ 
deep body region. That is, in order to provide a P+ deep body region that 
extends deep enough into the substrate, the drive in step causes this P+ 
deep body region to diffuse laterally. If it diffuses too far laterally, it 
may coalesce with an adjacent P+deep body region and degrade 
transistor performance. 

Hence, in order to allow deep enough extension of the P+deep body 
region into the substrate, the transistor cells each must be relatively large 
in surface area so that the lateral diffusion does not allow such 
coalescing. This increases the surface area consumed by each cell, or in 
other words increases the size of the transistor. As is well known, it is a 
primary goal of power MOSFET fabrication to mmimize chip surface 
area. This lateral diffusion of the P+deep body region prevents 
optimization of transistor density and hence wastes chip surface area." 
[Col. 1 , lines 25-5 1 , emphasis added]. 

Proposed Solution (Figs. 1. 2 & 3>: 

In accordance with the invention, cell density is increased in a DMOS 
transistor. In some embodiments this is accomplished by providing a 
verv narrow ("in lateral dimension) P+deep body region [16 in Fig. 1] 
with little or no lateral diffusion. ... In a second embodiment, in addition 
to the high energy P+deep body implant [36 in Fig. 2], a double epitaxial 
layer [12 and 34 in Fig. 2]is provided underlying the body region [14], 
with tiie P+deep body P+region [34] not extending below the depth of 
the trench. Instead, the double epitaxial layer provides the desired 
current path away from the bottom of the frenches. ... In a third 
embodiment, there is no P+deep body implantation at all and instead 
only the double epitaxial layer [12 & 34 in Fig. 3] is used underneath the 
body region." [Col. 1, lines 54 to col. 2, line 19, reference numerals and 
underlining added]. 



Two more examples of prior art references evidencing the fact that designers 
attempting to solve the same problem have failed to arrive at a solution that is even remotely 
suggestive of the present invention are proyided below. An earlier issued patent (USPN 
5,072,266) illustrates the fact that the specific challenges have been known for well over a 
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decade, and a second more recently issued patent CUSPN 5,998,836) shows a contemporaneous 
attempt at solving the problem. Both offer solutions that are widely different than that 
proposed and claimed by the present invention. 



- 5.072.266 (BulnceaetaU 

Recognition of the Problem: 

"An engineering trade-off must be made between on-resistance. 
breakdown voltage and oflier engineering figures of merit so that the 
perimeter-to-area ratio Z/A advantage o f the open-cell is lost. Given 
these constraints, the closed-cell geometry appears to be more practical. 
However, the closed cell geometry has at least three associated problems 
that do no appear to have been reported on in the technical or patent 
literature. The first problem is semiconductor surface breakdown, . . . 
. This junction is thus exposed to electric field line crowding and to 
breakdown in the epitaxial material adjacent to the bottom comers of the 
trench, when the device is biased in the BVDSS condition." [Col. 4, 
lines 24-41, emphasis added]. 

Proposed Solution rFie.S't: 

"This invention provides an optimized version of a power metal-oxide- 
semiconductor field-effect transistor (MOSFET) [wherein bulk] 
breakdown voltage is achieved by using a two-dimensional, field 
shaping, dopant profile that includes a central deep p+ (or n+) layer 
[27c] that is laterally adjacent to ap body layer [Col. 1, lines 50-61, 
reference numeral and emphasis added]. 

"FIG. 8 illustrates one embodiment of the invention, showing half of a 
hexagonally shaped trench DMOS structure 21 . The structure includes ... a 
body region 27 [where] a central portion 27c of the body region lies below a 
plane that is defined by the bottom of the trench 29 for the transistor cell." [Col. 
6, lines 28-60] 



- 5.998.836 rWilliams) 

Recognition of the Problem : 

'Two critical characteristics of a power MOSFET are its breakdown 
voltage, i.e., the voltage at which it begins to conduct current when in an 
off condition, and its on-resistance i.e., its resistance to current flow 



Sze-Ki Mo, et al. 
Application No.: 08/970,221 
Page 15 



PATENT 



when in an on condition. The on-resistance of a MOSFET generally 
varies directly with its cell density, since when there are more cells per 
unit area there is also a greater total "gate width" (around the perimeter 
of each cell) for the current to pass through. The breakdown voltage of 
a MOSFET depends primarily on the doping concentrations and 
locations of the source, body and drain regions in each MOSFET cell." 
[Col. 1, lines 32-44, emphasis added]. 

Proposed Solution (Fig. 3V 

"In accordance with this invention, there is created in the chip a 
protective diffusion of the second conductivity type [38], which forms a 
PN junction [39] with first conductivity material in the epitaxial layer 
[14] or substrate. This PN junction functions as a diode. A metal layer 
[36] ties the protective diffusion (i.e., one terminal of the diode) to the 
source regions [34] of the MOSFET cells such that the diode is 
connected in parallel with the channels of the MOSFET cells." [Col. 2, 
lines 60 to 68, reference numerals and underlining added]. 

The above analysis holds true for many of the other prior art references of 
record. This demonstrates that for well over a decade engineers in the field have attempted to 
arrive at a design for a trench MOSFET that addresses breakdown voltage, on-resistance and 
cell density in an optimized fashion. It also demonstrates that time and again a solution is 
proposed that is very different than that found by the Applicants. If the present invention as 
claimed were obvious, as the rejection contends, one would have to ask why then did no person 
of skill in the art arrive at this solution years ago. One answer to this question may be the fact 
that there has been a general understanding by those skilled in this art that, in terms of impact 
on the electric field, between the deeper well (or body) region and a heavily doped body region 
that is shallower than the well, the deeper well region (that is closest to the epitaxial layer) 
dominates. This had led to a generally accepted assumption that such shallow heavy body 
junction inside a graded body junction, no matter how deep, could not have any measurable 
impact on breakdown voltage. 



Challenging these and other accepted assumptions, and through exhaustive 
experimentation and computer simulations. Applicants were the first to find that the problem 
can in fact be addressed optimally by employing, in combination with the other features of the 
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transistor, a shallow heavy body with specific depth and jxmction characteristics. The solution 
offered by the instant invention requires no additional structures as proposed by numerous 
prior art references such as buried layers or dual epitaxial layers, delta layers, protective PN 
junction diodes, deep P+ body regions, etc. A family of trench MOSFET products embodying 
the Applicants' elegant solution, which has clearly not been taught or suggested by the art of 
record, has enjoyed tremendous conmiercial success as a direct result of the benefits of the 
claimed invention. To provide further objective evidence of non-obviousness of the claimed 
invention. Applicants herewith submit a declaration by the Senior Vice President of Discrete 
Power Products of the Assignee demonstrating this commercial success. 



suggest a trench transistor having a "heavy body" that forms an "abrupt junction" inside a well, 
and whose depth is adjusted to impact the location of breakdown initiation. Every independent 
claim pending in the instant application recites this combination. All pending claims are 
therefore patentably distinguished over the art or record. Withdrawal of this rejection is 
respectfully requested. 



Application are in condition for allowance. The issuance of a formal Notice of Allowance at 
an early date is respectfiiUy requested. 

If the Examiner believes a telephone conference would expedite prosecution of 
this application, please telephone the imdersigned at 415-576-0200. 

Respectfully submitted. 



Accordingly, none of the cited references, or any combination thereof, teach or 



CONCLUSION 

In view of the foregoing. Applicants believe all claims now pending in this 




Reg. No. 37,495 



TOWNSEND and TOWNSEND and CREW LLP 
Two Embarcadero Center, s"* Floor 
San Francisco, California 941 1 1-3834 
Tel: (415) 576-0200 / Fax: (415) 576-0300 
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Marked-Up Version of Amended Claims - Appln. No. 08/970.221 

2. (Thrice Amended) A trenched field effect transistor comprising: 

a semiconductor substrate having dopants of a first conductivity type; 

a trench extending a predetermined depth into said semiconductor substrate; 

a pair of doped source jxmctions having dopants of the first conductivity type, 
and positioned on opposite sides of the trench; 

a doped well having dopants of a second conductivity type opposite to said 
first conductivity type, and formed into the substrate to a depth that is less than said 
predetermined depth of the trench; and 

a doped heavy body having dopants of the second conductivity type, and 
positioned adjacent each source junction on the opposite side of the source junction from the 
trench, said heavy body extending into said doped well to a depth that is less than said depth 
of said doped well, 

wherein the heavy body forms an abrupt junction with the well and the depth 
of the junction, relative to the depth of the well, is [controlled] adjusted so that a transistor 
breakdown initiation point is spaced away from the trench in the semiconductor, when 
voltage is applied to the transistor. 

8. (Thrice Amended) An array of transistor cells comprising: 

a semiconductor substrate having a first conductivity type; 

a plurality of gate-forming trenches arranged substantially parallel to each 
other, each trench extending a predetermined depth into said substrate and the space between 
adjacent trenches defining a contact area; 

a pair of doped source junctions, positioned on opposite sides of the trench 
and extending along the length of the trench, the source junctions having the first 
conductivity type; 

a doped well having a second conductivity type with a charge opposite that of 
the first conductivity type, the doped well formed in the saniconductor substrate between 
each pair of gate-forming trenches; 
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a doped heavy body having the second conductivity type formed inside the 
doped well and positioned adjacent each source junction, the deepest portion of said heavy 
body extending less deeply into said semiconductor substrate than said predetermined depth 
of said trenches; and 

alternating heavy body and source contact regions defined at the surface of the 
semiconductor substrate along the length of the contact area, 

wherein the heavy body forms an abrupt junction with the well [junction], 
and a depth of the heavy body r elative to a depth of the well(,] is [controlled] adjusted so 
that breakdovra of the transistor originates in the semiconductor in a region spaced away 
from the trenches when voltage is applied to the transistor. 

47. (Twice Amended) A trenched field effect transistor formed on a substrate, 

comprising: 

a plurality of trenches formed ia parallel along a longitudinal axis, the 
plurality of trenches extending into the substrate to a first depth; 

a doped well extending into the substrate between each pair of trenches; 

a pair of doped source regions formed on opposite sides of each trench; and 

a doped heavy body formed inside the doped well adjacent each source 
region, the doped heavy body extending into the doped well to a second depth that is less 
than the first depth, 

wherein the doped heavy body: 

forms a continuous doped region along substantially the entire longitudinal 
axis of a trench, and 

forms an abrupt junction with the well^ and a depth of the heavy body 
junction[,l relative to a maximum depth of the well, is [controlled] adjusted so that a peak 
electric field in the substrate is spaced away from the trench when voltage is applied to the 
transistor. 
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1 50. (Twice Amended) The trenched field effect transistor of claim 1 further 

2 comprising an epitaxial layer having dopants of the first conductivity type, and formed 

3 between the substrate and the doped well, with no buried layer formed at an interface 

4 between the epitaxial layer and the substrate 

5 [wherein the the relative depths of the doped heavy body and the well are 

6 controlled to eliminate the need for any layers disposed between the epitaxial layer and 

7 the substrate]. 

1 53. (Once Amended) The trenched field effect transistor of claim 8, further 

2 comprising: 

3 an epitaxial layer having the first conductivity type formed between the substrate 

4 and the well, with no buried laver formed at an interface b etween the epitaxial laver and the 

5 substrate 

6 (wherein the relative depths of the deepest portion of the heavy body and a 

7 depth of the well are controlled to eliminate the need for any layers disposed between the 

8 epitaxial layer and the substrate]. 
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55. (Once Amended) The trenched field effect transistor of claim 47, further 

comprising: 

an epitaxial layer having the first conductivity type formed between the 
substrate and the well, 

wherein the second depfli relative to [and] a depth of the well [are controlled] 
is adjusted to eliminate the need for any layers disposed between the epitaxial layer and the 
substrate. 



SF 1231752 vl 



PATENT 

Attorney Docket No.: 1 8865-17US 
CUent Reference No.: iminiim 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re application of: 


Examiner: Jackson Jr., J. 


Sze-Ki Mo, et al. 


Art Unit: 2815 


AppKcationNo.r 08/970,221 




Filed: November 17, 1997 




For: FIELD EFFECT TRANSISTOR 


DECLARATION OF IZAK BENCUYA 


AND METHOD OF ITS 
MANUFACTURE 





Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir: 



I, Izak Bencuya, declare as follows: 

I have read and understood the present application, including the claims in their 
current state. The claims are attached to this Declaration as Attachment 1 . 

I am employed by Fairchild Semiconductor Corporation ("Fairchild")> and hold the 
position of Senior Vice President of Discrete Power Products. I have heW that position since 
January, 2000. 

Fairchild manu&ctures a &mily of trench power transistor ("trench MOSFEP') 
products inchiding FDS 6680A, FDS 6612A and FDS 6690A. These trench MOSFET products 
embody the trench transistor technology as set forth in the attached claims. 

Part of my responsibility as the Vice President of Discrete Power is to oversee the 
development, sales and marketing of these products, as well as to acquire feedback from customers 
using the same. To this end, I have closely monitored the volume of sales as well as adoption mte 
and competitor response in order to determine the market acceptance and customer reaction to these 
products. 
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By the end of 1997 trench MOSFET technology was approximately 7-8% of the 
overall power MOSFET market. Siliconix Incorporated ("Siliconix"), as one of the largest 
manufacturers of power MOSFET devices, owned approximately 85% of the trench MOSFET 
market. Siliconix is also the assignee of several of the patents cited throughout the prosecution of 
the instant application including Hshieh '543, Hshieh '128 and Darwish '725. 

Fairchild introduced its first trench power MOSFET product FDS6680 in January 
1998. The design of FDS6680 is based on the features that are the subject of the claims in the 
instant application. In little over three years since the introduction of the Fairchild FDS6680, trench 
MOSFET technology has grown to 15% of the overall power MOSFET market, and Siliconix's 
share of that market is now about 50% with Fairchild owning 30% of the market. 

This dramatic growth in the trench power MOSFET market and the success of the 
family of Fairchild trench MOSFET products can be directly attributed to the manufacturing and 
performance advantages of the Fairchild trench MOSFET technology made possible primarily by 
those technical aspects of the technology that are the subject of the attached claims. 

The superior performance of the Fairchild trench products and the subsequent 
industry approval is further evidenced by favorable product reviews published in a number of major 
trade press publications. The following lists but a few examples of such publications, copies of 
which are attached herewith: 

"Power FETs in Pentium push," Steve Bush, Electronics Weekly. UK. February 25, 1998 

'Tairchild Offers 9mQ Power MOSFET," Kenji Tsuda, Nikkei Electronics Asia. May 1998 

"Flexible resistance in trench technology," Nick Flaherty, Electronics Times. UK. February 23, 1998 

'TowerTrench mosfets deliver lowest on-resistance plus fast switching," Components in 
Electronics. " April 1998 

Elecronic Engineering Times / Taiwan. March 2, 1998 



Sze-Ki Mo, et al. 
AppUcation No.: 08/970,221 
Pages 



PATENT 



fiirther declare that all statements made herein of my own knowledge are true and 



that all statements made on information and belief are believed to be true; and further that these 
statements were made with the knowledge that williul &]se statements and the like so made are 
punishable by fine or inqnisonment, or both, under section 1001 of Title 18 of the United States 
Code, and that such willfiil felse statements may jeopardize the validity of the application or any 
patent issuing thereon. 
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ATTACHMENT 1 
Claims as Pending - ApdIii. No. 08/970.221 - filed 1 1/17/97 

1. A trenched field effect transistor comprising: 

a semiconductor substrate having dopants of a first conductivity type; 

a trench extending a predetermined dqjih into said semiconductor substrate; 

a pair of doped source junctions having dopants of the first conductivity type, 
and positioned on opposite sides of the trench; 

a doped well having dopants of a second conductivity type opposite to said 
first conductivity type, and formed into the substrate to a depth that is less than said 
predetermined depth of the trench; and 

a doped heavy body having dopants of the second conductivity type, and 
positioned adjacent each source junction on the opposite side of the source junction firom the 
trench, said heavy body extending into said doped well to a depth that is less than said depth 
of said doped well, 

wherein the heavy body forms an abrupt junction with the well and the depth 
of the junction, relative to the depth of the well, is adjusted so that a transistor breakdown 
initiation point is spaced away fixim the trench in the semiconductor, when voltage is zqpplied 
to the transistor. 

2. The trenched field effect transistor of claim 1 wherein said doped well has 
a substantially flat bottom. 

5. The trenched field effect transistor of claim 1 wherein said trench has 

rounded top and bottom comers. 



6. The trenched field effect transistor of claim 1 wherein the abrupt junction 
causes the transistor breakdown initiation point to occur in the area of the junction, when 
voltage is applied to the transistor. 
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7. The trenched field effect transistor of claim 6 wherein said doped heavy 
body has a first dopant concentration near the abrupt junction and a second dopant 
concentration near its upper surface that is less than the first dopant concentration. 

8. An array of transistor cells comprising: 

a semiconductor substrate having a first conductivity type; 

a plurality of gate-forming trenches arranged substantially parallel to each 
other, each trench extending a predetermined depth into said substrate and the space between 
adjacent trenches defining a contact area; 

a pair of doped source jxmctions, positioned on opposite sides of the trench 
and extending along the length of the trench, the source jimctions having the first 
conductivity type; 

a doped well having a second conductivity type with a charge opposite that of 
the first conductivity type, the doped well formed in the semiconductor substarate between 
each pair of gate-forming trenches; 

a doped heavy body having the second conductivity type formed inside the 
doped well and positioned adjacent each source junction, the deepest portion of said heavy 
body extending less deeply into said semiconductor substrate tiian said predetermined depth 
of said trenches; and 

alternating heavy body and source contact regions defined at the surface of the 
semiconductor substrate along the length of the contact area, 

wherein the heavy body forms an abrupt jimction with the well, and a depth of 
the heavy body relative to a depth of the well is adjusted so that breakdown of the transistor 
originates in the semiconductor in a region spaced away from the trenches when voltage is 
appUed to the transistor. 

9. The array of transistor cells of claim 8, wherem each said doped well has a 
substantially flat bottom. 
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10. The array of transistor cells of claim 8 wherein the controlled depth of the 
junction causes the breakdown origination point to occur approximately hallway between 
adjacent gate-forming trenches. 

1 1. The array of transistor cells of claim 8 wherein each said doped well has a 
depth less than the predetermined depth of said gate-forming trenches. 

12. The array of transistor cells of claim 8 wherein each said gate-forming 
trench has rounded top and bottom comers. 

1 4. The array of transistor cells of claim 8 further comprising a field 
termination structure surrounding the periphery of the array. 

15. The array of transistor cells of claim 14 wherein said field termination 
structure comprises a well having a depth greater than that of the gate-forming trenches. 

16. The array of transistor cells of claim 14 wherein said field termination 
structure comprises a termination trench extending continuously around the periphery of the 
array. 

17. The array of transistor cells of claim 16 wherein said field termination 
structure comprises a plurality of concentrically arranged termination trenches. 

46. The array of transistor cells of claim 8 wherein the doped heavy body 
forms a continuous doped region along substantially the entire length of said contact area. 

47. A trenched field effect transistor formed on a substrate, comprising: 
a plurality of trenches formed in parallel along a longitudinal axis, the 

plurality of trenches extending into the substrate to a first depth; 

a doped well extending into the substrate between each pair of trenches; 
a pair of doped source regions formed on opposite sides of each trench; and 
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a doped heavy body formed inside the doped well adjacent each source 
region, the doped heavy body extending into the doped well to a second depth that is less 
than the first depth, 

wherein the doped heavy body: 

forms a continuous doped region along substantially the entire longitudinal 
axis of a trench, and 

forms an abrupt junction with the well, and a depth of the heavy body junction 
relative to a maximum depth of the well, is adjusted so that a peak electric field in the 
substrate is spaced away &om the trench when voltage is applied to the transistor. 

48. The trenched field effect transistor of claim 47 fiirther comprismg source 
and heavy body contact areas defined on a surface of the substrate between each pair of 
trenches. 

49. The trenched field effect transistor of claim 48 wherem the contact areas 
alternate between source and heavy body contacts. 

50. The trenched field effect transistor of claim 1 fiirther comprising an 
epitaxial layer having dopants of the first conductivity type, and formed between the 
substrate and the doped well, with no buried layer formed at an interface between the 
epitaxial layer and the substrate. 

51. The trenched field effect transistor of claim 1 wherein said doped heavy 
body is formed by a double implant of said dopant of the second conductivity type. 

52. The trenched field effect transistor of claim 51 wherein said double 
implant comprises a first high energy implant to reach said second depth, and a second lower 
energy implant to extend the heavy body fmm said second depth to substantially a surface of 
the substrate. 
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1 53. The trenched field effect transistor of claim 8, further comprising: 

2 an epitaxial layer having the first conductivity type formed between the substrate 

3 and the well, with no buried layer formed at an interface between the epitaxial layer and the 

4 substrate. 

1 55. The trenched field effect transistor ofclaim 47, further comprising: 

2 an epitaxial layer having the first conductivity type formed between the substrate 

3 and the well, 

4 wherein the second depth relative to a depth of the well is adjusted to eliminate the 

5 need for any layers disposed between the qpitaxial layer and the substrate. 
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Power FETs in 
Pentium push 



Steve Bush 



MOTHERBOARDS ARE becom- 
ing a target forapplication- 
specific power FEIs. Both Sil- 
iconix and Fairchild hav< 
announced products aimed at 
Pentium-class processors. 

Siliconix is ciainung a record 
for on-rcsbtance in DPAK 
packa^ng for its pair of MOS- 
FETs for the CPU. The 
devices, built on Stliconix's 
32ni-ceU trench technology, 
have an on-resistance of 7nih 
for the n-channd SUD5ON03- 
07 and lOmfl for the p-chan- 



nel SUD45P03-10. Both of 
these maximum ratings are 
said to be the lowest in the 
industry for a power 
MOSFET in this package. 
1 Fairchiid's offering is the TO- 
^0 packaged FDP7030. Still 
unvauable, it is part of its new 
PowcrTrench range and slated 
to be a 30V MOSFET opti- 
mised for fast switching power 
converters on motherboards. 

Siliconix's TrenchFETs can 
handle approximately a third 
more current than its previ- 
ous-generation for the same 
dis»pation and are aimed at 



powering CPU's in desktop 
computers. 

"For generic motherboard 
manufacturers, these devices 
will spell the difference between 
a very complicated solution and 
a very simple one as they heaa 
making motherboards with me 
next high-performance proces- 
sor from Intel and other suppli- 
ers," said Phil Dunning, prod- j 
uct marketing director at 
Siliconix. Samples andjproduc- | 
tion quantities of the Siliconix • 
FETs are available now, ' 
Fairchiid's is due later this year. : 
See Technology pis 
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Trench warfare 



With a shift from conventional cellular layout lo a linear array design, Fairchi'.d Semiconductor has put 
more gate lengths onto its trench po'^er FETs cutting down their on-resistance. Steve Bush reports 
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Hitachi claims record breaking 4GHz superconducting ATIVI switch 
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Fairchild Offers 
9mQ Power MOSFET 



Fairchild Semiconductor Corp 
(www.fairchildsemi.com) of the US 
has been introducing progressively 
lower on-resistance power 
MOSFETs to the market. Following 
the FDS6680A with only 9.5mI2 on- 
resistance, the firm has introduced 
the FDR4420A, further minimizing 
on-resistance to 9.0mQ or less. It 
also offers a superSOT-8 package 
which is 38% smaller than the stand- 
ard SOT-8 package. 

12% Annual Growth Market 

From 1996 to 1999, the power 
transistor market is projected to 
grow 12.5% aimually, and Fairchild 
Semiconductor is poised to gain a 
stronger position in three strategic 
markets: standard CMOS logic, dis- 
crete & EPROM/EEPROM, and 
analog & mixed signal. 

The discrete market is very com- 
petitive. The top ten players domi- 
nate only 40% of the market. 
Fairchild intends to compete with a 
proprietary diip design and smaller 
package solutions. 

For discrete power transistors, 
DC-DC converters and power sup- 
plies for mobile equipment are ma- 
jor applications. These markets re- 
quire higher efficiency and a smaller 



footprint, which in turn, means 
longer battery life and higher pack- 
ing det\sity. Higher packing density 
is achieved with highly integrated 
semiconductor chips, and longer 
battery life is achieved with lower 
loss in the power source. Notebook 
computers, for example, have re- 
duced power supply voltage with 
higher current capacity, following 
the same trend as Intel Corp 
(www.intel.com) of the US's 
Pentium microprocessors. In other 
word, lower loss is crucial. 

Supporting PWM 

This means DC-DC converters 
and power supplies should handle 
larger current and lower voltage. 
For power transistors to drive DC- 
lower on-resistance and higher 
switching speed are required to 
lengthen battery life, and to support 
pulse width modulation (PWM) 
switching at higher frequency. 

PWM support is also key for note- 
book computers. Recent notebook 
computers with Pentium n micro- 
processors generate multiple supply 
voltages such as 1.8V, 2.5V and 3.3V. 
Changmg duty ratio of PWM pulses 
(multiple vol 




Fairchild power MOSFETs feature 
lower on-resistance and gate charge 
to support higher speed operation. 

Under a lOV gate voltage. The 
FDR4420A features the lowest on- 
resistance, 9mQ and 41nC gatie ca- 
pacitance, and the FDS6680A offers 
lowest gate capacitance, gate capaci- 
tance 37nC and 9.5mQ on-resist- 
ance. 

A PWM DC-DC converter appli- 
cation requires two types of power 
transistors; high-speed switching 
and low conduction loss, and low- 
est conduction loss. FDR6680A is 
suitable for the former transistor 
application, and FDR4420A for the 
latter application. 

The superSOT-8 package of the 
FDR4420A measuring 4mm X 3mm 
is unique, but the firm has applied 
to the Joint Electron Device Engi- 
neering Council 0EDEC) for a rul- 
ing on standardization. 

Similar to DRAM 

A power MOSFET is equivalent 
to parallel connected small signal 
transistors, similar to DRAM 
memory cells, says Izak Bencuya, 
director of MOSFET Business Unit 
at Fairchild Semiconductor. The 
larger the number of transistors, the 
larger the current capability. The 
key issue is maximizing the current 
capacity over a limited chip area 
while niinimizing the price. 

Fairchild developed a trench 
structure along witn layout im- 
provements to boost the number of 
transistors in a given area. 

The trench transistor (isee Fig) 
sends current in a vertical direc- 
tion, not in a planar direction. In 
conventional planar double-dif- 
fused MOS (DMOS) transistors, 
current flowed to both vertical and 
horizontal directions. The 
Fairchild trench transistor oper- 
ates in a vertical direction mode. 
This method requires no space for 
horizontal direction current flow, 
and results in a reduction of the 
planar area in a transistor cell. 

To reduce on-resistance and gate 
capacitance, the firm uses a shallow 
trench. The layout structure also 
enables high packing density of cell 
transistors. 

by Kenji Tsuda 
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F^xible resistance 
in Ireneh leclinolegif 



j3y Nick nalierly 

Gelling iho liwcsi oii-rcsisiance 
for a power MUSI r.T is noi iicct :;- 
sarily the best imrami-icr for power 
designers, accorilinj; to l-airchild 
Semiconductors, as it launclics its 
power luanufacmrinj; process. 

.Ncarlv a year on froni itj split 
from National SiMuiconducKir. 
l-airchiia Si.-inicondiictiir> !)a> 
developi-il its iiwn trcmli Ivili- 
n'oli)}:>- tliat is iipiiniisi'd liir i-illivr 
low on-rcsisiiincc or ^ iiiinbina- 
lioii of low nn-rLMMaifi c ami low 
Itaic charpo. 

This second paruineier is key ftir 
Nwitchint; applications siicli as 
l)C/DC: coijveriers. particularly as 
designers move up from .TOOkl Iz to 
IMIIzdesiKEis. 

Fairchild has workctl closely 
with Ma-xim on ptilse width modu- 
lation controllers and found that 
some M(3SIX-rs with an on-rcsii- 
tancc of 22t)iU produce a more 
cfttcient switch than ihosc at 
I2mri. due to the higher capaci- 
tance on the Kate. 

( >nc of the Hrsi devices ftuin the 
iipiiinisod PoivjerTreiich pmcess 
has an on-rcsistance of iO.Smll 
but a gate charge of .HiiiC. figures 
achieved by. changing the thick- 
.ness of ihc gate oxide. : : 

This coniparcs to a f>.in(: gate 
charge for thegqijivalciu 8inf2 pan 
ill the standard proce^ antl gives 
at least a x^iii^lo" \)f^1ijerccntagc 



Conventional trench Flat bottom trench : 




The com-entional trench at 
FairchRd. The (act that the I 
to represent a 3D process on 



is what we know. The flat bottomed trench is the new process Irom 
ich appears to cover the source in these diagrams is a result of trying 
a 2D chart. 



points increase in overall cflici- 

l-airchild has combined the two 
pans on a .single lead frame in a 
single package for such DC/DC 
designs. That is ripi to 



.s-ay that l-airchild is not also play- . ' the trench prot i.>s ii|pS;Siripcs 
Ing the minimufii on-rcsistanLCc: rather thaii a celliiljiijiijraure,^^ 
game as tvcll with the new prbcisis'. ; so Fairchtid is debniii^hpipn- 
as it plans to have a 3.5nvri jrart . resistance »>f . ili'ii |>[^cs.s 
furautoiiMtiveap£ilicalions.d(;li^-;.4;p.i5ni{2/q}jn.\(| rji 
crcdinaTO-220padcaBe. 



INTERNATIONAL PRESS 
CUTTING BUREAU 

Extract from: 
COMPONENTS IN 
ELECTRONICS 

-London- 
(circ: 17,363) 

- APR 1998 



Feature: POWER SEMICONDUCTORS 



PowerTrench mosfets deliver lowest 
on-resistance plus fast switching 



Faircjjild has developed two new mosfet trench 
prScesses that deliver a very low on-resistance, while 
maintaining very fast switching performance beyond 

I MHz. Called PowerTrench and Pwm PowerTrench. the 
processes use a non-cellular trench structure, rather than the 
cell-based trench processes used by competitors, to deliver a 
range of very small, high performance, high efficiency mosfets 
for the portable market . Oiris Evans-Pughe reports. 



Initially targeted at 30 and 40V 
applications, typically, portable 
computing, dc/dc converter 
modules and high performance 
processor power supplies, 
Fairchild's latest mosfet 
technology has been under 
development for a year. 
PowerTrench is for high current 
applications and fower frequency 
switching applications, while Pwm 
PowerTrench, v»*iich features an 
ultra low gate charge, with a 
sli^t reduction in on-resistance, 
is optimised for high eflficiency, 
high frequency power switching 
applications. 

"Although we are focussing on 
30 and 40V initially, it will be 
quite easy to convert the 
technology 60V if necessary. 
Trench processes only make 
sense up to lOOV, but that 
covers a very large part of the 
market", commented Frank 
Marx, Fairchild's director of 
marketing for discrete power and 
signal technologies. 

The first pnxlucts built on the 
new processes are sampling now. 
with volume available very 



shortly They include the 30V. 
FDR4420A, which comes in 
Fairchild's tiny SuperSOT-8 
package, which is 38 percent 
smaller than an SO-8. The n- 
channel device is claimed to be 
the smallest ever 9mQ mosfet. 
The 9mQ maximum on- 
resistance rs achieved at lOV 
Vgs, and it rises to 1 3m£2 at 
4.5V Vgs. The gate charge is 
42nC. The device is particularly 
well suited to low voltage and 
battery powered applications 
where small package size is 
required without compromising 
power handling, in-line power 
toss or fast switching. 

Another new device is the 
FDS6670A, which at 8mQ 
maximum Rckjon) (Vgs=IOV) is 
claimed to offer the lowest on- 
resistance in SO-8. Rnally, there 
will be the 30V, FDC6655N 
available in the miniature 
SuperSOT-6, which is 72 percent 
smaller than the SO-8. This 
mosfet features an on-resistance 
of 25mn at lOV Vgs. and 33mn 
at 45V Vgs. 

In the Pwm optimised 



Fairchild PowerTrench FDS6B80A 
9.5niORBs,.„,Max.®1flV^^- 



PowerTrench range. Fairchild s 
introducing the SO-8 packaged 
FDS6680 which, provides the 
dc/dc designer wltr) low on losses 
and low switching losses. 
Features include an on-resistance 
of 9.5mn at Vgs = lOV. 
combined with a very low ga:e 
charge (4lnC, typical), fast 
svAching speed, and high power 
and current handling capabilb-. 
Other specifications indues 
TDelay On = 8ns. TRise =32rs. 
TDelay Off = 42ns and Tf= ' 
= l4ns. By using this device, 
designers will achieve a significa": 
improvement in efficiency, 
resulting in longer lasti-g 
batteries and cooler runni-g 
systems, according to Fairchild. 



As an example of how the 
FDS6680A compares to 
competitive parts on the market 
Temic's Si4420 trench mosfet 
features a 9m£2 on-resista 
with a 70ns gate charge, while 
the company's Si44IO has a 
1 3.5mn on-resistance with a 
35ns gate charge. 

Designers can increase 
efficiency simply by changing the 
mosfet in their design to a device 
in Fairchild's PowerTrench femily, 
says the company Other parts 
are planned for addition to the 
PowerTrench family in the near 
firture. 
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